Trachoma has been known since pre-Pharaonic times and this infectious cause of blindness is targeted by the World Health Organization (WHO) for elimination by 2020. During the 19th century, trachoma was a major political problem in European countries as an important cause of disability in both soldiers and among the urban poor in the slums created by the Industrial Revolution. Even 100 years ago, trachoma was a major problem worldwide. Trachoma has now been eliminated from most developed regions, but the disease still affects some 150 million people in 56 developing countries. This paper reviews our current understanding of trachoma and the key strategies for the elimination of trachoma as a major blinding disease.
The early history of trachoma
The history and the evolution of our understanding of trachoma is important as it contains many clues that are relevant to today's efforts to finally eliminate this ancient blinding disease.
The family of Chlamydiaceae evolved with the dinosaurs and Chlamydia trachomatis first appeared with the earliest mammals about 100 millions of years ago 1 ( Figure 1 ). The ocular strains of C. trachomatis diverged from the genital strains some two-five million years ago, about the same time as Homo habilis and Homo erectus evolved. Chlamydial ocular infection has been an integral part of human evolution from its very start. With this long evolutionary history, humans and Chlamydia have clearly 'learnt' how to live together in relative 'harmony'. If blinding trachoma occurred frequently throughout this period, this balance would not have been established.
Modern man, Homo sapiens, evolved about 120 000 years ago, but did not start to aggregate into large communities until the end of the last ice age about 10 000 BC. As the ice-retreated people started to farm and to form the earliest settlements, the increased crowding and poor personal and community hygiene in these first settlements would have been key determinants for the development of what we recognise as trachomaFthe endemic blinding disease caused by repeated episodes of ocular infection with C. trachomatis (serovars A, B, Ba, and C). Blinding trachoma needs to be differentiated from occasional episodes of self-limited chlamydial inclusion conjunctivitis (usually attributable to serovars D-K) that still continue to occur around the world, even in the most developed countries. Some 5-20% of sexually active young adults in western countries have genital chlamydial infection. 2 Trachoma was first seen and probably well known in the early settlements in the four great river valleys that sheltered the development of early civilisations; those of the Yangtze and Hwang Ho (Yellow) in China, the Indus in South Asia, and the Euphrates and Tigris in MesopotamiaFthe so-called 'fertile crescent' along the Nile in Egypt.
References to trachoma in China date back to 2700 BC when Emperor Huang Ti Nei Ching had surgery for trichiasis. 3 Trachoma existed in Sumeria in the Bronze Age and epilation forceps, dating from around 2000 BC, were found in Ur. 4 The Indian surgeon Susruta (between 1000 and 500 BC), describes changes in the eyelids and trichiasis surgery. 5 Trachoma was common and well recognised in ancient Egypt, and the treatment of eye diseases including trachoma feature prominently in the Ebers papyrus (1550 BC). 5 They reiterated that the teachings of Galen preserved through the Arabic texts, although it can be hard to differentiate blinding trachoma from untreated bacterial or viral conjunctivitis.
However, trachoma reached much greater prominence in 19th century Europe, with the crowding of the rural poor in urban slums as they moved to the cities and towns during the Industrial Revolution, and especially among the unprecedentedly large armies that fought across Europe and were often quartered in appalling conditions. 7 Trachoma really came to prominence in Europe during the Egyptian Campaign (1798-1802) when devastating epidemics of ophthalmia spread rapidly through the French and British troops. 11 The French physicians and military surgeons did not consider ophthalmia to be contagious, although the English believed that it was. The ophthalmia was often complicated by severe bacterial infection that led to corneal ulceration and perforation.
Outbreaks of the Egyptian ophthalmia occurred as troops returned to Europe and then it spread rapidly to the civilian population. 12 It continued to rage through the armies of Europe as they fought back and forth through the Napoleonic Wars and the other conflicts throughout the 19th century. 7 Eventually, stringent military hygiene measures curbed the spread on infection so that by the First World War (1914) (1915) (1916) (1917) (1918) , trachoma was no longer a military problem, although it was still common in civilians in Egypt and in many parts of Europe.
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The response to trachoma
The response to trachoma led to the development of the separate speciality of ophthalmology, many institutions, and international endeavours. In 18th century Britain, eye surgery had the worst reputation for quackery and was provided by travelling surgeons, but in the early 1800's, ophthalmology became the first, and some would say the most successful, medical specialty. 13 The explosive impact of the Egyptian ophthalmia elevated the importance of eye disease, so that every medical practitioner needed to know something about it. 12 The army formed separate eye hospitals for soldiers with ophthalmia. This was replicated in civilian life; the London Dispensary for Curing Diseases of the Eye and Ear was founded in 1805 and ultimately became Moorfields Eye Hospital.
14 In Britain, 52 eye or eye and ear hospitals were established to deal with trachoma, and eye hospitals rapidly appeared throughout Europe, the new world, and even in Australia. 16 Institutions were established for those blinded by ophthalmia, and in the 1870s, special trachoma schools were established for children with trachoma, first in London and then elsewhere. 7 Doctors trained in the management of eye disease were needed to staff the new eye hospitals, and suddenly ophthalmology was created and became a mainstream medical activity. 17 After the invention of the ophthalmoscope by von Helmholtz (1821-1894) in 1850, physicians started to examine the eye in even greater detail, and the ophthalmoscope became as much a tool of medicine as the stethoscope or the tongue depressor. The International Congress of Ophthalmology in Brussels in 1857 was one of the first international medical meetings ever held. 18 It was convened to discuss trachoma and the new ophthalmoscope.
Trachoma gradually disappeared from the developed countries during the 20th century. Some countries, most notably the United States, instituted tight quarantine and exclusion procedures against immigrants who had trachoma. 7, 19, 20 Most of the disappearance of trachoma was due to improved living standards, although trachoma control activities including the use of newly available sulpha drugs were also important and were usually continued until the very last cases disappeared. 21 It was not a question of aiming to have a prevalence of active trachoma and all below a certain level in these countries; it was not acceptable to have any active trachoma period. Trachoma did not finally disappear from Western Europe and North America until the 1950s. 22 An exception was the southwest United States where trachoma continued to be a problem in the Indian populations until improving socioenvironmental conditions, and the use of sulpha drugs led to its decline in the 1960s and its eventual disappearance in the 1980s. 23 It is anomalous that Australia should be the only developed country listed by the WHO as having endemic blinding trachoma, 24 and trachoma still flourishes in Aboriginal communities in outback Australia. 25 Unfortunately, a detailed discussion of this is beyond the scope of this presentation.
A hundred and fifty years ago, Africans and Afro-Americans were noted to have much lower rates of trachoma than the Europeans among whom they lived and worked. 7, 20, 26 At that time, trachoma was also believed to be rare in sub-Saharan Africa, although Africans in the West Indies had some trachoma. This is interesting given the high rates of trachoma found in sub-Saharan Africa later in the 20th century; was the initial assessment just a mistake or did trachoma rates really increase with colonisation and the formation of larger settlements in sub-Saharan Africa?
Clinical diagnosis
Trachoma has two major phases: active or inflammatory trachoma with the variable presence of demonstrable infection and cicatricial or late trachoma with tarsal scarring entropion and trichiasis. In late trachoma, inflammation is variable, and Chlamydia is infrequently seen.
In an endemic area, a well-established case of active trachoma can be very easy to diagnose. Difficulties occur with the differentiation of borderline cases from normal; or sometimes, distinguishing cases of severe inflammatory trachoma from acute bacterial or viral conjunctivitis. The detection of trichiasis only requires careful examination. However, the diagnosis of trachoma in areas of low endemicity can be much more difficult, although severe tarsal scarring, corneal pannus with Herbert's pits, and upper lid trichiasis are pathonomonic in any setting.
Hippocrates likened the lid in trachoma to a cut ripe fig (red, swollen, and with white dots) and Galen foreshadowed the MacCallan classification 9 that became the standard through much of the 20th century. In 1966, a new WHO grading system was developed that used nine signs. 27 This was revised some in 1981, 28 and in 1987, the WHO simplified grading system with five signs was developed, particularly for use by field workers. 29 Unfortunately, the simplified grading often has been used in detailed studies looking at the correlation of infection and clinical signs where a more detailed assessment of clinical diseases would be preferred.
A recent WHO recommendation is for field studies to collect data only for three signs, TF, TT, and CO: TF (trachomatous inflammation follicular) is used to assess the need for trachoma control programs and monitor results; TT (trachomatous trichiasis) indicates those who need surgery; and CO (corneal opacity) is used as an indicator of the burden of blindness and visual impairment due to trachoma. 30 Around 2400 years after Hippocrates, our thinking has evolved from trachoma being a relatively simple disease with a roughened lid and later trichiasis, through increasing degrees of complexity with a multiplicity of terms only to return to the basic definition of a disease with a roughened lid (TF) and trichiasis (TT).
Laboratory diagnosis
Many studies in the early 1800s had shown that ophthalmia (or trachoma) could be transferred by ocular discharge from one eye to another. 31 Although this convinced many of the contagious nature of trachoma, it was not until the identification of bacteria in the 1860s, the notion that trachoma could be acquired from the myasm was finally dispelled. Halberstaedter and von Prowazek 32 in 1907 confirmed the infective nature of trachoma when they identified the Giemsa-stained intracytoplasmic inclusions. Although Giemsa cytology was essentially 100 per cent specific, it had a low sensitivity, and organisms could not be shown in every case of clinical trachoma; as we will see, this has continued to be a problem with even the most sensitive tests and relates to the immunopathogenesis of trachoma.
The trachoma 'virus' was first cultured in a chick embryo in 1957. 33 Cultured Chlamydia provided antigen for serologic tests, enabled the serotyping of isolates, and stimulated the search for a vaccine. 4 Chlamydia culture in fertilised eggs was difficult and expensive and tissue culture methods were developed first using a monolayer of McCoy cells. 34 The development of monoclonal antibody technology led to direct fluorescent antibody (DFA) cytology that used fluoroscein-conjugated monoclonal antibodies to detect free chlamydial elementary bodies. 35 Enzyme immunoassays (EIA) were also developed for direct antigen detection and a number of commercial EIA kits became available. 36 An advantage of a cytology specimen over a swab for culture or other tests was that the adequacy of each cytology specimen could be assessed. About 10 per cent of specimens might be inadequate. 37 Specimens taken 5 min apart had a discordant rate of about 10 and 25% for those taken 2 days. 38 This inconsistency in positive specimens was attributed to both sampling and biological variation in shedding.
Polymerase chain reaction (PCR) using nucleic acid amplification further improved the detection of Chlamydia, and minute amounts of chlamydial DNA could be detected. 39 This gave a significant increase in sensitivity, but also increased test complexity and cost. Some PCR tests use RNA instead of DNA. 40 The increased sensitivity of PCR has led to some specific problems in the study of trachoma. In a clinic, one patient is seen at a time and usually examiners will glove and specimens are collected using a semisterile technique. However, trachoma fieldwork was conducted under very different circumstances often with little regard for sterile technique. This was not a problem with the earlier relatively insensitive tests, but even a tiny bit of carried over DNA can give a false-positive PCR test. This was clearly an issue with some early reports of PCR in trachoma, although most studies now use appropriate precautions against contamination. 4 The developments of quantitative PCR allowed estimates of the number of organisms present. 41 Initial reports were confusing as many people had low levels of detectable organism irrespective of their clinical status, probably due to specimen contamination. Nevertheless, there is a clear picture that both young children and those with more severe disease have the highest levels of infection.
Authors have commented on the poor correlation between clinical examination and PCR, particularly in areas with low prevalence of trachoma. [42] [43] [44] [45] As detectable chlamydial infection rapidly declines after mass antibiotic treatment, some have suggested that a reliance on clinical examination would lead to unnecessary antibiotic treatment in communities with clinically active trachoma but with no or low levels of infection. 42 It is true that a large proportion of people with active trachoma (TF), including some of those with intense inflammation (TI), do not have demonstrable organism on spot testing. However, this reflects the pathogenesis of trachoma as an immune-mediated disease, rather than some new divergence from the 'germ theory'.
Trachoma is an immune-mediated disease
The immunopathology of trachoma is a chronic, delayed-type hypersensitivity reaction maintained by the intermittent, but repeated, presence of chlamydial antigen; trachoma is like 'chronic poison ivy'.
Repeated episodes of reinfection are of fundamental importance in maintaining the presence of chlamydial infection, and thus the presence of chlamydial antigens. 4 In developed countries, blindness from chlamydial conjunctivitis (trachoma) is no longer seen, even though trachoma was a major problem in that population within the last century and Chlamydia infections are still prevalent. 2 Why do people become blind from trachoma in areas where reinfection occurs often, but do not become blind in areas where chlamydial reinfection is rare? The genetics of the population do not change; the key is the occurrence of episodes of reinfection.
The chlamydial infection in trachoma occurs in the conjunctival epithelium; but the disease in trachoma occurs in the subepithelial tissues. 4 Chlamydial infection initiates a mild, acute inflammatory response initially indistinguishable from other causes of infectious conjunctivitis. However, within days, lymphocytes accumulate and form the characteristic lymphoid follicles. A dense mantle of lymphocytes and inflammatory infiltrate forms between the follicles. With time, this infiltrate is replaced with fibrous tissue and scarring.
A single inoculum of C. trachomatis leads to an acute, self-limited episode of 'inclusion conjunctivitis' both in humans and in monkeys. [46] [47] [48] [49] [50] [51] Chlamydia can be cultured within 1 week of inoculation, and acute follicular conjunctivitis develops rapidly and resolves over a 2-4-month period. Cultures are usually negative after about 1 month.
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After recovery from primary infection there is some partial protection or immunity to rechallenge infection. Repeated inoculation experiments are not often carried out in humans. 52 However, in the monkey model, repeated reinoculation has been shown to produce a marked, persistent follicular disease that is sustained for as long as the reinoculation is continued and ultimately leads to tarsal scarring. 51 Even though repeated weekly reinoculation with live organism is needed to maintain chronic disease, after the first few months infection cannot be shown.
The chlamydial genome codes for 894 proteins. 53 However, only a small number of these proteins elicit an immune response. The major antibody response is directed to the major outer membrane protein (MOMP). 54 The chlamydial Hsp60 antigen generates a weaker antibody response, but unlike other chlamydial antigens, it stimulates a marked inflammatory reaction when instilled into the eyes of sensitised animals. 55, 56 The response is a cell-mediated or delayed-type hypersensitivity reaction. These clinical and immune responses are indistinguishable from those seen with chlamydial infection itself. 57, 58 The concept of trachoma as a disease of delayed-type hypersensitivity totally changes one's thinking about the interaction between infection and disease. 4 The classic examples of delayed-type hypersensitivity are poison ivy or other contact allergies. The mere touch of a leaf by somebody previously sensitised to poison ivy will lead to the development of a painful inflammatory skin reaction within a few hours that lasts for several weeks. The antigenic contact is fleeting and occurs days or weeks before the inflammatory reaction finally resolves, and so there can be marked skin changes in the absence of any long gone antigen. To translate this concept to trachoma, one would need only the occasional, transient infection of a few epithelial cells with Chlamydia to allow for the elaboration and release of sufficient Hsp60 antigen to maintain active inflammation. An important corollary is that as the disease is a cell-mediated immune response, the presence or absence of a humoral response seems to be of relatively little importance.
Understanding the detailed cellular and molecular events involved in trachoma is a rapidly evolving field and the development of new technology can lead to exciting advances in knowledge. 59 The identification of Chlamydia by Giemsa cytology and confirmation that trachoma resulted from infection opened the way for the first trachoma vaccine studies in 1907. 46 Vaccine research received further impetus in the 1960s once Chlamydia could be cultured. 26, 60 Vaccination gave partial, shortterm protection that was comparable to that following recovery from a primary ocular infection. In some instances, immunised individuals developed more severe disease. A commercial vaccine was developed, but not used. 61 Further work in the 1980s failed to give better protection than ocular infection despite inducing strong and specific, ocular and systemic, antibody and cell-mediated immunity responses. 4 Given this experience, I do not see a viable trachoma vaccine in the foreseeable future.
The epidemiology of trachoma and reinfection
Trachoma is a disease that occurs in clusters. Some have said 'trachoma is a lumpy disease'. These pockets or lumps may be countries (currently 56 of 194, Figure 2) , regions, districts, villages or even household clusters within villages; but ultimately trachoma is a disease of individual families. Epidemiology can describe where trachoma occurs, but more importantly, why some are affected and others are not and so explain the lumpiness and the basis for family clustering.
Although there was much confusion in the 19th century about the definitions of trachoma (its cause, course, and complications) by the 1900s, the family clustering of trachoma was well recognised. 7 In 1963, Thygeson 26 said 'Since trachoma is known to spread chiefly in the home, the characteristics of the home environment are important y One can almost pick out on sight the homes where trachoma will be found rampant'. There are copious reports from around the world confirming family clustering of trachoma. Studies of the serotype, and now the genotype of Chlamydia, give further evidence of family clustering 60, [63] [64] [65] [66] [67] as does the pattern of the re-emergence of chlamydial infection after community-wide treatment. 68 Active trachoma is a disease of early childhood, or as Fred Hollows succinctly put it: 'Trachoma is a disease of the crèche'. The first infection can occur shortly after birth and the bulk of chlamydial infection occurs in children under 5 years, with infants 3-9 months of age shedding the highest number of organisms. 41, 69, 70 Children in their first year of life are a major source of infection in their families, especially as many treatment programs only treat children above the age of 1 year. This leaves untreated the most potent reservoir of infection in the family, the youngest childrenFthe family-based, infantile fountains of infection. 4 The peak prevalence of infection occurs well before the peak of active trachoma that usually occurs between 2 and 5 years depending on the overall level of endemicity, and usually shows a rapid decline after the age of 7-10 years ( Figure 3) .
One key to understanding trachoma was the recognition of the importance of repeated episodes of reinfection.
4,60 Jones 72 related the duration and severity of trachoma to the level of 'ocular promiscuity' within a family and the interaction of the individual with the family 'pool of infection'.
Some longitudinal studies have identified children who appear to have persistently severe infection. 64, 73 It is unclear whether they form a genetically susceptible subgroup of children who cannot resolve infection or whether environmental factors that facilitate reinfection were important. 4, 74 However, without infection, these children would not have disease. 75 In general, girls and women are more affected by trachoma than boys and men, as generally women have a more prolonged exposure to the 'infectious pool' than men. 4 Young girls often have a major responsibility for caring for their younger siblings and mothers continue to interact with their children, whereas boys and men leave the 'crèche' to tend animals or work in the fields. However, the predominance of trachoma in women is not universal, and in other areas, the rates of trachoma are similar for men and women.
Trachoma persists when hygiene is poor
There are many examples where trachoma progressively decreased over the last century as living conditions gradually improved. 4 An initial lowering of the intensity of active trachoma was noted, followed by a reduction in the levels of infection, then the incidence, a gradual decrease in prevalence, and ultimately a decrease in the cicatricial complications. 60, 72 This sequence is important as the prevalence of active trachoma (TF) is the indicator usually used to assess the impact of trachoma control, although this may be almost the last measure to decline.
Trachoma would ultimately disappear if one waited for general socioeconomic development to occur in every household in every village around the world, but with good conscience, we cannot sit and wait for this to happen sometime in the next 100 years. The challenge for us is to identify and address the specific conditions that expose an individual to an increased risk of trachoma.
Experts have listed encyclopaedic catalogues of risk factors for trachoma that included 'poverty, dirt, crowding, and ignorance'. 76 Although these lists cover almost every conceivable aspect of life, they do not materially advance our understanding, or foster the development of specific intervention strategies.
Various studies had identified more specific risk factors for trachoma. Some have looked at only one or two risk factors and have not assessed the impact of other important and potentially confounding factors. 4 The most important studies are summarised and they show that the final common pathway for trachoma is a dirty face (Table 1 and Figure 4) .
The recognition of the importance of facial cleanliness provides a clear focus and target for intervention strategies and means that one does not have to rely on non-specific improvements to occur in personal and community hygiene or socioeconomic development. In any given community, one can focus on facial cleanliness and the immediate environmental barriers that impede this.
Trachoma control and the SAFE strategy
The Ancient Egyptians favoured topical treatment for trachoma and used a variety of animal, vegetable, and mineral products applied to the eye with a feather of a vulture. 4 On the other hand, the Ancient Greeks related most disease to humoral causes, and so topical medications were not favoured, and treatments were used to divert inflammation from the affected eye to other organs. 5 Hippocrates advocated curing ocular disease by drinking wine, bathing, purging, blood letting, and using cleansing medications. Surgery for trachoma included scarification and chemical cautery, and various surgical methods to correct entropion and trichiasis. Later, Dioscorides recommended a wide range of animal, vegetable, and mineral products to treat trachoma including copper sulphate fashioned in pencils and used a fig leaf to scarify the lid. Other treatments ranged from egg white to the ear of a mouse, mother's milk to frogs' blood. 5 From the Greco-Roman management, we inherited three pillars: surgery, general medicines, and attention to lifestyle and diet that formed the basis of the treatment of trachoma until the introduction of the first effective antimicrobialsFthe sulphonamidesFin 1937. 90 These components bear a striking similarity to the elements of the current SAFE strategy, although now our approach to trachoma control is based on the notion of repeated episodes of reinfection and the need to use multiple interventions to break the vicious cycle of reinfection ( Figure 5 ).
MacCallan developed a successful trachoma control model in Egypt that was taken as the prototype programme. 92 It had a central national institute to co-ordinate the activities of static and mobile eye hospitals. It used teams of nurses and doctors to conduct health education programs in schools and in the media. Once antimicrobial treatment became available, it was usually combined with these broader interventions.
The recognition of the importance of facial cleanliness in the 1980s led to calls for more targeted trachoma intervention programs that focused on the more specific health education messages. Such programs required appropriate engagement with the community, 93 as the widespread use of antimicrobial agents on their own would not eliminate endemic disease. 94 WHO declared the Global Elimination of Trachoma as a Blinding Disease by 2020 (GET 2020) as an achievable goal and took the lead in efforts to address trachoma. 24 These included the new SAFE strategy, which stands for surgery for trichiasis (S); antibiotic treatment for active trachoma (A; tetracycline initially and now changed to azithromycin); facial cleanliness (F); and environmental improvements (E) that focused on water provision, toilets, and general cleanliness including fly reduction. 95 Although SAFE is a clever acronym, it gives the elements in the reverse order to their public health importance ( Figure 6 ). The S component, trichiasis surgery, is built around the bilamellar tarsal rotation. 96 Initial activities provided surgical kits and encouraged surgery at the community level, but more recently, the issue of quality control has surfaced with close attention to surgical technique. [97] [98] [99] The recurrence rate can be reduced with the use of azithromycin at the time of surgery. 100, 101 Many patients still decline trichiasis surgery, although having surgery performed in the village can increase uptake. 102, 103 Other barriers included cost, the provision of care for children left at home and having an accompanying person. 104, 105 Trichiasis affects the individual's physical, psychological, and environment functioning, and after surgery, each parameter shows a significant improvement. 106 In 2003, the WHO 24 estimated that there were 7.6 million people with trichiasis who required surgery. Even the largest current national programmes are only making a small impact on the backlog of trichiasis. Clearly, there is a need to boost capacity and expand services. 99 Surgery will still be needed long after active trachoma disappears from an area as the last cohorts to have had severe active trachoma as children progressively age.
The A component of the SAFE strategy uses antibiotics to reduce the level of chlamydial infection and break the cycle of reinfection. Antibiotics will also reduce any concomitant bacterial infection. A single course of antibiotics may not totally eliminate Chlamydia in the eye or the genital tract. 107, 108 If the only intervention in an endemic area were antibiotic treatment, then nothing would prevent the recrudescence of trachoma once antibiotic distribution was stopped. Thus, for sustainable trachoma control, antibiotic treatment needs to be supported by the other components of the SAFE strategy.
Azithromycin is the drug of choice and was added to the WHO list of essential drugs in 2004. It is a macrolide antibiotic derived from erythromycin. It has a broad spectrum of activity and becomes concentrated in macrophages, polymorphs, and epithelial cells. 109 A single dose of azithromycin (1 g or 20 mg/kg) is as effective as a full 7-day course of doxycycline, 110 or a 6-week course of topical tetracycline. 111 Owing to its broad spectrum, it will treat existing respiratory, skin, and genital infections. 112, 113 The community often perceives this as the major benefit of mass treatment. Azithromycin can be used during pregnancy 114 and in children over 6 months, although its safety has not been tested specifically in children under 6 months.
Used as a safe, single oral dose, azithromycin is an ideal drug for trachoma. Individual diagnosis is not required and its community-based distribution can be integrated into primary health care. However, repeated treatment will be required and azithromycin treatment needs to be accompanied by the other components of the SAFE strategy. Because trachoma is 'a disease of the crèche', the family unit should be the unit of treatment, Figure 4 The interaction of trachoma risk factors. Bacterial infection hasten the progression of TF/TI to TS and TT to CO. Genetic factors may influence the progression of TF/TI to TS (Taylor, 4 reproduced with permission). rather than individuals. Equally, treatment studies could focus on family treatment rather than the need to randomise whole communities.
Most studies reported so far have assessed azithromycin treatment in isolation without addressing the other components of the SAFE strategy, and many have not adequately treated the youngest children. Without the F and E components and with incomplete antibiotic coverage, trachoma could be expected to reappear quite quickly after antibiotic treatment. Reports of the efficacy of antibiotic treatment interventions vary, 73, 115 and this probably reflects multiple factors including the level of endemicity, the frequency of retreatment, and the degree of coverage.
The F component, facial cleanliness, is the critical, final common pathway through which a variety of environmental factors affect the risk of trachoma, although facial cleanliness often receives the least attention. 4 In part, this is because it requires a behavioural change and often this is not easy to induce. It is more straightforward for programmes to bore a well, give people a pill, or build a pit latrine. Behavioural change may need prolonged local involvement, but in the end, this is what is needed.
The landmark trial on facial cleanliness in central Tanzania increased clean faces by more than 60%, and reduced intense trachoma (TI) by 38% and active trachoma (TF) by 19%. 116 TF was reduced by 42% in those children with clean faces. The effect of facial cleanliness was additional to the already significant reduction following antibiotic treatment. Recent studies further confirm the additional benefit of health education programmes promoting facial cleanliness. 117, 118 The E component, environmental improvement, covers a very broad category of potential activities, and in some ways is the most difficult component of the SAFE strategy to comprehend and define.
Several studies on fly control in the Gambia showed a reduction in trachoma which was also reduced after the installation of latrines. 119 However, a large study in a hyperendemic area in Tanzania showed no effect of fly control when added to azithromycin distribution. 120 To my mind, the key thing about the E component is to address the barriers to keeping every child's face clean, especially crowding and children sleeping together, and of course the availability of water.
A 3-year evaluation of the SAFE strategy in southern Sudan found a dramatic reduction in active trachoma in areas with a good uptake of antibiotic, facial cleanliness, and access to water. 118 Although the results lack the precision of a formal clinical trial, they reflect a real world situation. Similar success is reported from southern Zambia. 121 Studies of the SAFE strategy in central Australia suggest that a sustained effort is required, and despite the extensive and expensive efforts to improve E, the environmental improvements made no additional discernable difference to the rate of active trachoma over and above A and F. WHO and the Global Alliance review annual reports from countries implementing trachoma control activities. 99 In April 2008, 38 countries reported on the progress they had made. Particularly impressive achievements have been made in Morocco, Iran, and Oman where active trachoma appears to have been eliminated. It is projected that trachoma will be eliminated as a public health problem from The Gambia in 2009, and China, Eritrea, Ghana, Myanmar, Nepal, and Vietnam by 2010.
Interesting insights come from the relative cost of implementing different components of the SAFE strategy; in one example, the S component cost 2.4% of the budget, the A component 3.4%, the F component 3.2%, but the E component took 91% of the budget. 124 The huge cost for E activities reflects the enormous infrastructure costs in the provision of water and sewerageF10 times more than the others combined! This is similar to the disproportionate cost of E in the Australian study quoted above.
123 A more precise focus on facial cleanliness rather than the universal provision of new wells and latrines will substantially reduce the resources required for the E component. The provision of these basic water and sanitation services is an essential component of rural development and is the goal 7 of the Millennium Development Goals. 125 Many government and non-government organisations are addressing this goal. Trachoma control programmes need to encourage development agencies to prioritise trachoma areas for these activities.
Health economic data show that countries cannot afford not to address trachoma. Productivity losses due to blindness and low vision from trachoma were estimated to be US$5.3 billion in 2003 dollars. 126 The disability due to trichiasis adds a further US$8 billion, 127 and there are additional indirect costs and the loss of well-being (or 'burden of disease') due to trachoma. Furthermore, trachoma interventions are cost-effective. Trichiasis surgery costs I$13 per disability adjusted life year (DALY). 127 If 80 per cent of those with trichiasis had surgery, 11 million DALY per year would be saved. 128 The mass distribution of azithromycin is more cost effective than targeted household treatment, 129 although this varies with the costs of the drug and its distribution. Using the donated drug, treatment is very cost-effective at $3.92 per DALY. The mass treatment of 80 per cent of the children with active trachoma would save some 4 million DALYs each year. 128 Where to from now?
The SAFE strategy concisely brings together the behavioural, medical, and surgical elements required to address trachoma. The specific focus on facial cleanliness and environmental barriers coupled with a very potent antibiotic gives a highly targeted intervention to reduce both the level of infection and pressure of reinfection. This coherent strategy is based on solid evidence from field research and controlled trials. WHO and its partners have developed a comprehensive and accessible suite of background teaching and material, 130 and Pfizer's Zithromax Donation Programme provides millions of doses of azithromycin each year at no cost. 131 Now, we seem to have the tools, the resources, and the expression of political will needed to actually eliminate blinding trachoma. One could be tempted to say that:
'We may therefore venture to conclude on a note of reasonable optimism and at the same time express a hope for the future. In many parts of the world, the most widespread world scourge has been or is reported to be overcome. Efficient methods of therapy are already in use and other still more effective ones may be expected in the near future. If the national campaigns already under way are continued and co-ordinated and meet with vigorous international support, our century may perhaps witness the disappearance of trachoma' (Sidky and Freyce 132 ).
One must reflect on this ultimately misplaced past optimism and wonder how much further advanced we really are. Nevertheless, with commitment and hard work, I am convinced that we should be able to achieve the goal of GET 2020 and make trachoma history.
